The preservation of natural enemies is one of the basic foundations for integrated pest management. Botanical insecticides have shown low impact on beneficial arthropods in relation to survival. Insecticides studies usually focus on the direct physiological effects of insecticides, whereas relatively little attention is placed on the behavioral response to exposure. A study was conducted to evaluate the effect of the botanical insecticide neem (Azadirachta indica A. Juss.; Meliaceae) on the mating behavior of the predatory stinkbug Podisus nigrispinus (Heteroptera: Pentatomidae). Unmated 5 to 7 d-old adults, separate by sex, were exposed to azadirachtin per contact on the treated surface. The treatments were composed for: untreated male and female; untreated male and treated female; treated male and untreated female; and treated male and female. Azadirachtin affected the duration of first mating (Wilcoxon test, χ 2 = 13.38, df = 3, p = 0.004), which resulted in a higher effective average time of mating (EATM50) for treatment whose only female was treated with azadirachtin. This finding points to a sublethal effect of azadirachtin on mating behavior of P. nigrispinus that may compromise its reproduction.
he suborder Heteroptera is renowned by its faunal diversity (Mendonça et al., 2009 ) with predators of agricultural and forest pest (Neves et al., 2009) . Podisus nigrispinus (Dallas) (Heteroptera: Pentatomidae), a neotropical species, has been found preying different pests in several crops, showing high potential for biological control of Tuta absoluta (Meyrick) (Lepidoptera: Gelekiidae), Chrysodeixis chalcites (Esper) (Lepidoptera: Noctuidae), Spodoptera spp. (Lepidoptera: Noctuidae) (De Clercq et al., 1998; De Clercq, 2000) , Leptinotarsa decemlineata (Say) (Tipping et al., 1999) in tomatoes and also in some pests found in soybean (Glycine max (L.) Merr. crops, cotton Gossypium hirsutum L. (Medeiros et al., 2000) and eucalyptus (Torres et al., 1996) . Pest biological control depends strongly of the population growth rate of natural enemies (Holling, 1959) . However, the conservation of the agents of biological control in the field may be limited by the use of insecticides (Moura et al., 2010) . Podisus nigrispinus can be exposed to residues of insecticides during its locomotion, body cleaning or even by eating contaminated prey and this may affect its establishment as agent of biological control (Torres et al., 2002) . The integrated pest management (IPM) establishes the use of insecticides more toxic to pests than to natural enemies (Dhadialla et al., 1998) and botanical insecticides have been shown to be selective to beneficial arthropods (Isman, 2006) . The azadirachtin is nowadays one of the most important natural insecticide due to a secondary compound produced by the neem tree (Azadirachta indica A. Juss.; Meliaceae), which permit a great success in pests control in tropical and temperate zones (Schmutterer, 1990) . Its toxicity has been reported to more than 500 insect species (Roy et al., 2010) , including pests of tomato crop like Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) (Kumar and Poehling, 2007) and Liriomysa sativae (Blanchard) (Diptera: Agromyzidae) (Hossain and Poehling, 2006) . The use of azadirachtin in IPM programs is related mainly to a higher contamination by ingestion rather than by contact (Martinez and van Emden, 2001) , which presumably makes it less toxic to natural enemies (Flavia et al., 2004) . Although there is some information about their bioactivity in certain pests of economic importance (von Elling et al., 2002) , information about its effects on natural enemies is scarce.
The determination of dose-response curves has been the primary means for assessing the impact of insecticides on beneficial arthropods (Guedes et al., 2009) . However, the exposure of natural enemies to insecticide may affect its reproductive behavior and, thereafter, the control of insect pests (Desneux et al., 2004) . Parameters such as duration and frequency of mating behavior have direct influence on the reproductive success of insects (Rodrigues et al., 2009) , and insecticides may cause deviation in the acts of sequential mating of natural enemies (Claver et al., 2003) . The objective of this study was to investigate the impact and possible consequences of azadirachtin on the mating behavior of the predator P. nigrispinus.
MATERIALS AND METHODS

Insects and exposure
The predator P. nigrispinus was obtained from the Laboratory of Biological Control of Insects of the Federal University of Viçosa (Viçosa, Minas Gerais, Brazil) and raised with pupae of Tenebrio molitor (Coleoptera: Tenebrionidae) according to the methodology of Lemos et al. (2003) .
The commercial formulation of azadirachtin (AzaMax, General Hydroponics, Sebastopol, California, USA), available for use in agriculture in Brazil and used in tomatoes crops, was used in the maximum dose recommended for tomato: 0.03 g ai L -1 . The insecticide was diluted in deionized water and 1 mL of solution was applied evenly on a filter paper with 9 cm of diameter (Whatman N° 1), reaching 0.47 µg ai cm -2 of concentration. The same procedure was made for the control treatment in which filter paper was previously moistened with 1 mL of deoinized water. Both untreated and treated papers were dried in a laminar flow of gases before use and placed in a 9 cm Petri dish covered with Teflon to prevent insects from escaping.
Unmated adults, 5 to 7 d of age, and separate by sex, were exposed to dry residues of azadirachtin on the treated surface at 26 ± 2 ºC, 70% RH, and 12:12 h photoperiod.
Mating behavior assay
The survivor adults of P. nigrispinus exposed to azadirachtin and also deionized water were used in pairs and placed in a Petri dish with a sterile filter paper disk on the bottom and Teflon on its inner wall. The treatments were composed for: untreated male and female; untreated male and treated female; treated male and untreated female; and treated male and female. Ten replicates were realized per treatment. The mating behavior was recorded with a Digital video camera recorder. The mating duration, latency (time preceding mating) and frequency were assessed from the continuous record of behavior. The tests were conducted at a temperature of 26 ± 2 ºC, 70 ± 5% RH and 24:0 h photoperiod.
Statistical analysis
The experimental design was completely randomized. The outcomes of duration and latency of first mating were subjected to the non-parametric LIFETEST to obtain curves of probability and the effective average time of mating (EATM50) by Kaplan-Meier estimators. Data of frequency of mating were subjected to non-parametric test Kruskal-Wallis (SAS Institute, 2008) .
RESULTS AND DISCUSSION
Survival analysis indicated significant differences in the duration of first mating between treatments (Wilcoxon test, χ 2 = 13.38, df = 3, p = 0.004) (Figure 1 ), which resulted in a higher effective average time of mating (EATM50) for only female treated with azadirachtin ( Figure 2) . The latency curves of first mating were not significantly different between treatments (Wilcoxon test, χ 2 = 0.7166, df = 3, p = 0.869), as well as the effective average premating time (EAPT50) with values of 9.41 (CI = 1.32 to 17.00), 6.66 (CI = 2.72 to 24.17), 4:51 (CI = 1.93 to 19.57) and 12.18 (CI = 2.42 to 57.55) for treatments with untreated male and female, untreated male and treated female, treated male and untreated female and treated male and female, respectively. The frequency of mating did not differ significantly, with values from 1.4 to untreated male and female, untreated male and treated female and treated male and untreated female and 1.5 to treated male and female (Kruskal-Wallis test, χ 2 = 0.55, df = 3, p = 0.91). Although selectivity of insecticides to natural enemies is often determined with bioassays of mortality (Preetha et al., 2010) , they can also be involved in a variety of morphological, physiological, reproductive, and behavioral effects (Cordeiro et al., 2010) . In agreement with this work, which was observed that exposure of the predator P. nigrispinus azadirachtin interferes with the mating behavior. P. nigrispinus mating are multiple and long and the prolonged period of mating is associated with the appropriate transfer of seminal material to females (Rodrigues et al., 2009) .
Females of P. nigrispinus exposed to azadirachtin required a higher period of mating than unexposed ones. In situations where the organisms are exposed to some insecticide, biochemistry and physiological responses can be expected. One of this responses expected here is the detoxification or metabolism of the insecticide by enzymes.
The metabolism or detoxification is a process that allows the insect modify or detoxifying the pesticide at a rate sufficient enough to prevent the action at the target site (Fukuto and Mallipudi, 1983) . The degradation of the insecticide can occur by several processes in which the metabolic product is converted into a non-toxic form or even eliminated quickly from the insect body (Beckel et al., 2006) . Nevertheless, this process requires energy and the resources to physiological processes are relocated to detoxification. Once females and males did not eat during this essay, the lack of energy could not be replaced. Thus, it can be inferred that females need more energy for reproduction, which can be from nutritional compounds of the male's secretion. Although the effect on reproduction cannot be completed, the longer duration of mating can increase the reproductive success in P. nigrispinus which can be associated with increased transfer of nutritional compounds and seminal material during mating (Tram and Wolfner, 1999) . Treated male had a reduced time of mating when treated alone. Thus, they may suffer a reduced sperm production and short-term transfer (Rodrigues et al., 2009) .
Studies with Schistocerca gregaria (Forskal) (Orthoptera: acrididae) was shown a blockage of cell division prior to metaphase (Linton et al., 1997) . Metaphase is the stage of cell division at which microtubules form the spindle apparatus prior to the physical separation of homologous pairs of chromosomes to opposite at this stage in cell division suggest that cell microtubular events may have been affected by azadirachtin (Mordue and Nisbet, 2000) and thus, affecting the formation of sperm.
Besides the above, the exposure to the insecticide and the likely detoxification process can also affect allocation of energy at the nutritional material, ejaculation and sperm production. Many experimental studies have shown that sperm and ejaculate production costs can be considerable (Dewsbury, 1982; Nakatsumu and Kramer, 1982; Van Voorhies, 1992; Paukku and Kotiaho, 2005) . According to the above, treated female delay the mating expecting receive more seminal material and treated male cannot keep the mating likely due to the reduced sperm or ejaculation formation. When both are treated, it can be seen a compensation in EATM50, turning it similar to control treatment. Nevertheless, further studies are needed to evaluate whether sperm formation was appropriate and whether there was an influence on the rate of fertilization and viability of offspring.
The frequency of mating showed no statistical difference between treatments. The occurrence of multiple mating suggests that one or a few mating are not enough for females to obtain enough sperm to maximize the number of offspring in just one reproductive event (Ridley, 1990) , in addition to obtaining a greater gain in genetic and nutritional material (Reynolds, 1996) .
Our results indicate that couples exposed to azadirachtin may have some changes in reproduction due to a shortened mating period, although mating frequency remained unchanged. This may have implications for IPM to compatibilize between these two techniques of pest control. However, further studies evaluating the reproduction of P. nigrispinus and the exposure of insecticide in different stages of development need to be elucidated.
CONCLUSIONS
Many of the recorded effects of insecticides are probably secondary results of poisoning, and their significance is difficult to assess. There is ample evidence to show that synthetic insecticides can produce some effects on insects. This work confirmed that besides synthetic insecticides, also, organic insecticide can cause effects in insects. In this case, couples of P. nigrispinus exposed to a single dose of azadirachtin showed behavioral differences regarding the duration of mating. The possible effects, positive or negative, on reproduction have yet to be elucidated. Development (CNPq) and the CAPES Foundation. To Nelsa Guedes, from the Laboratory of Ecotoxicology of the Federal University of Viçosa, for the support provided on the revision and translation of this work. To José Cola Zanuncio, from the Laboratory of Biological Control of Insects of the Federal University of Viçosa, for giving us the population of insects used in this study.
Comportamiento de apareamiento del depredador
Podisus nigrispinus (Heteroptera: Pentatomidae) expuesto al neem. La preservación de los enemigos naturales es la base fundamental para el manejo integrado de las plagas. Los insecticidas botánicos han demostrado un bajo impacto sobre los artrópodos benéficos en relación a la supervivencia. Se desarrolló un estudio para evaluar el efecto del insecticida botánico neem (Azadirachta indica A. Juss.; Meliaceae) sobre el comportamiento de apareamiento del chinche depredador Podisus nigrispinus (Heteroptera: Pentatomidae). Se expusieron adultos vírgenes de 5-7 días de edad, separados por sexo, a residuos secos de este extracto. Machos y hembras vírgenes entre 5 y 7 d de edad fueron expuestos a la azadiractina, por contacto directo con superficies tratadas. Los tratamientos fueron: machos y hembras no tratados; macho tratado y hembra no tratada; macho no tratado y hembra tratada y macho y hembras tratadas. Los resultados demostraron que la azadiractina afectó la duración de la primera cópula (test de Wilcoxon, χ 2 = 13.38, df = 3, p = 0.004) lo que se traduce en un alto tiempo medio efectivo de cópula (EATM50) en el tratamiento en que sólo la hembra fue tratada con azadiractina. Esta constatación apunta a un efecto subletal de la azadiractina sobre el comportamiento de apareamiento de P. nigrispinus que probablemente compromete su reproducción.
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